Abstract The major histocompatibility complex (MHC) plays a central role in the adaptive immune response. The MHC region is characterised by a high gene density, and most of these genes display considerable polymorphism. Next to humans, non-human primates (NHP) are well studied for their MHC. The present nomenclature report provides the scientific community with the latest nomenclature guidelines/rules and current implemented nomenclature revisions for Great Ape, Old and New World monkey species. All the currently published MHC data for the different Great Ape, Old and New World monkey species are archived at the Immuno Polymorphism Database (IPD)-MHC NHP database. The curators of the IPD-MHC NHP database are, in addition, responsible for providing official designations for newly detected polymorphisms.
attention from the scientific community in recent years. Certain NHP species have been studied extensively as models for human biology and disease, while other freeranging populations have drawn attention due to issues related to species conservation or reproductive biology. The MHC, characterised by a high degree of plasticity, encodes a cluster of genes, many of which display polymorphism. Progress in nucleotide sequencing technologies has resulted in the speedy accumulation of data that complicate data storage and annotation issues. The Immuno Polymorphism Database (IPD)-MHC NHP database (www.ebi.ac.uk/ipd/mhc/nhp) is an established and convenient platform to store and retrieve qualitycontrolled sequences of various non-human primate species. This nomenclature report represents an update to the communications that were published previously (Ellis et al. 2006; Klein et al. 1990 ). In humans, the MHC is designated as human leucocyte antigen (HLA), and the Nomenclature Committee for the Factors of the HLA system has recently launched an adaptation to its nomenclature protocol (Marsh 2010) . The format for HLA allele nomenclature has changed with the introduction of colons as foeld delimiters. The adaptations have been implemented, wherever possible, for the non-human primate equivalents as well. Next, it is evident that different NHP species may share lineages at particular MHC loci. In the past, lineages and alleles may have been named on an arbitrary basis, depending on the moment of their discovery. The tremendous amount of data that have become available has allowed us, in particular cases, to rename lineage nomenclature in a biologically more sensible way. Last but not least, updates of the IPD-MHC NHP web site have been scheduled for twice a year, which will provide the scientific community with the most recent available information.
Guidelines for the nomenclature of the non-human primate MHC
Nomenclature for the MHC systems of NHP species
The nomenclature rules for the non-human primate MHCs that were published in 1990 are still up to date. In brief, the Mhc symbol is followed by a four-letter abbreviation of the species' scientific name. The first two letters are derived from the name of the genus, and the last two letters from the name of the species. For example, MhcPatr defines the MHC system of the common chimpanzee (Pan troglodytes). For the sake of convenience, the prefix "Mhc" is often omitted after it has been introduced. The symbol is in italics because it defines a genetic system, whereas the abbreviation MHC is retained for general discussions. It is important to note that at present there is no official non-human primate taxonomy. In the nomenclature report of 1990, the scientific names used were based on those listed by Corbet and Hill (1986) . At present, the assigning of genus and species level is based on Groves (2005) , and a register of officially accepted MHC symbols for NHP is provided in Table 1 . Research in other vertebrate species has resulted in the discovery and description of MHC systems as well, and most have been named according to the nomenclature proposal that was originally published in 1990 (Klein et al. 1990 ). There is, however, the possibility that the MHCs of different species may be tagged by an identical designation. This committee advises that other research communities publish a register as well, and in such a way that confusion is circumvented as much as possible.
Nomenclature for NHP MHC genes, lineages and alleles
The hallmark of the MHC system is its unique combination of a high gene density, copy number variation and an unrivalled high degree of allelic heterogeneity. The HLA system, located within the 6p21.3 region on the short arm of chromosome 6, represents the most thoroughly studied MHC, and the HLA community has a longstanding experience in dealing with nomenclature issues. For that reason, the HLA system has been taken as reference and guide to name MHC factors in NHP species. In the remainder of this report, the rhesus monkey (Macaca mulatta) will serve as a reference to illustrate some of the points we wish to make for NHP.
Some HLA loci have been subject to duplication events: for instance, the DQB region, which is occupied in humans by two closely related genes, HLA-DQB1 and -DQB2. There is compelling evidence that humans and Old World monkeys (OWM) share most of the class II loci . Thus, in rhesus monkeys, Mamu-DQB1 is used to designate the evolutionary ortholog of HLA-DQB1 (Otting et al. 2002) . The ortholog of the HLA-DQB2 gene is absent in OWM but is present in Great Apes and New World monkeys (NWM) . This example illustrates that in 
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Common squirrel monkey Saimiri sciureus Sasc different NHP species, regions of the MHC are subject to expansion and contraction (Bontrop 2006) . Different loci within a gene region are numbered sequentially in the order of description, and for NHP, wherever possible, the HLA system was followed. This was done, for instance, in the case of the Mamu-DRB locus by using the gene names such as Mamu-DRB1, Mamu-DRB3, Mamu-DRB5 and Mamu-DRB6. However, in some cases in NHP, it is not clear whether we are dealing with different loci or with multiple lineages that belong to the same locus. In these cases, a workshop (W) designation has been introduced. For example, Mamu-DRB*W1 describes in rhesus monkeys a sequence for which the locus definition is not defined. It is envisaged that many workshop definitions will be dropped in the future when more haplotype sequencing data become available. Table 2 provides an overview of the different MHC class II loci described in the HLA system and in the two most intensively studied representatives of Great Apes, OWM and NWM. Furthermore, extensive gene definitions are used in those instances in which the lineage number exceeds 99. If lineages are shared between humans and NHP, identical numbers may be used. In practice, this appears to be applicable only to the equivalents of the HLA-DRB, HLA-DQA1 and HLA-DQB1 genes (Table 3) . If lineages are not shared with humans, ascending lineage numbers are introduced so that they do not correspond to the HLA system. For some loci, it may be difficult to assign alleles to lineages. In those instances, the discovered alleles are numbered sequentially. This applies to the DPB locus, and alleles have been named Mamu-DPB1*01, *02, and so on , and some non-classical MHC loci (Lawlor et al. 1990; Urvater and Watkins 2000) . However, when more data become available it may be possible to assign alleles to lineages for these loci as well.
In April 2010, the Nomenclature Committee for the Factors of the HLA system launched a new nomenclature protocol ). These rules have been followed for the designation of alleles in NHP species, which means that from now on colons will be used to separate lineage and allele designations. For example, Mamu-DQB1*0602 is now designated as Mamu-DQB1*06:02. This approach also facilitates easy recognition of lineages that are characterised by a threedigit definition. The two/three digits after the first colon define the different alleles of a lineage. In general, alleles are named in the order that they are discovered. Allele sharing between Table 2 Overview of the MHC class II loci present in humans and in the two most intensively studied representatives of Great Apes, Old World monkeys (OWM) and New World monkeys (NWM) DRA DRB1 DRB2 DRB3 DRB4 DRB5 DRB6 DRB7 DRB8 DRB9 DRB11 DRB*W DQA1 DQA2 DQB1 DQB2 DPA1 DPB1
Human ( copy-number variation is described for the classical class I genes in OWM species such as the rhesus monkey (Daza-Vamenta et al. 2004; Otting et al. 2005; Vogel et al. 1999) . A comprehensible nomenclature for these loci has recently been introduced, and will be discussed in detail in one of the following sections. The locus definition is followed by an asterisk and by a two-or three-digit lineage definition. Three-digit lineage different primate species is a rare event (Cooper et al. 1998; Doxiadis et al. 2006) , and because alleles are routinely named in the order that they are discovered, it is virtually impossible to give the same lineage-allele definition to alleles that are shared by different species. The introduction of a second colon followed by another two/ three digits is applicable when allelic differences at the DNA level are represented by silent/synonymous mutations. Thus, the designations Mamu-DQB1*06:02:01 and Mamu-DQB1*06:02:02 define two alleles that are identical at the amino acid level but differ for synonymous mutation(s) at the DNA level. Eventually, a third colon and two/three extra digits can be introduced to identify differences in the non-coding region. A summary of how an allele designation is built up is provided (Fig. 1 ).
Current implemented nomenclature revisions for non-human primates
Adaptations to the macaque DPB1 locus nomenclature Variation at the HLA-DPB1 locus is generated to some extent by point mutations: in addition, however, a frequent exchange of sequence motifs by recombination-like events plays even a more prominent role (Gyllensten et al. 1996) . As a consequence, the HLA-DPB1 locus is subject to fast evolution, which makes it a challenge to group the different alleles into distinct lineages. This phenomenon is also observed for the DPB1 locus studied in different non-human primates, and, as discussed previously, alleles discovered for this locus are numbered sequentially. In particular, rhesus and crab-eating/cynomolgus macaques have been studied extensively in recent years for their DPB1 locus, and 26 and 57 different alleles have been deposited in the IPD-MHC NHP database, respectively (Aarnink et al. 2011; Creager et al. 2011; Doxiadis et al. 2006; Giraldo-Vela et al. 2008; Hashiba et al. 1993; Ling et al. 2011; O'Connor et al. 2007; Otting et al. 1998; Sano et al. 2006; . As expected, phylogenetic analyses have demonstrated that there is little sharing of Mhc-DPB1 lineages between humans and NHP. However, extensive sharing is observed between the two macaque species, and the alleles cluster into distinct lineages. Therefore, curators of the IPD-MHC NHP database have adjusted the old macaque DPB1 nomenclature in a more biologically relevant way (Table 4) . These nomenclature adaptations became public on the IPD-MHC NHP website with the latest release version 1.7.0 in March 2012.
Nomenclature modifications for the macaque Mhc class I A and B alleles Whereas humans have a single copy of the HLA-A, HLA-B and HLA-C gene per haplotype, the number of these type of class I genes in rhesus monkeys, other OWM, as well as (Otting et al. 2007 ). In addition, it needs to be mentioned that the gene products may display differential expression levels and have been grouped into "majors" and "minors" based on transcription level differences (Otting et al. 2005; Rosner et al. 2010; Wiseman et al. 2009 
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The Mhc-B region in macaques is even more complex. Sequencing of the complete region in one rhesus monkey has yielded a haplotype that contains 19 distinct paralogous genes, named Mamu-B1 up to Mamu-B19 (Daza-Vamenta et al. 2004) . cDNA sequencing has shown that, at most, nine of these loci are transcribed, but based on differences in level of transcription, it seems that only two or three "majors" are present for each haplotype (Otting et al. 2005; Rosner et al. 2010; Wiseman et al. 2009 ). Hundreds of Mamu-B alleles have been detected, submitted in recent years (Boyson et al. 1996; Karl et al. 2008; Loffredo et al. 2007; Muhl et al. 2002; Otting et al. 2005; Urvater et al. 2000a; Voss and Letvin 1996; Yasutomi et al. 1995) and named thoroughly. For example, Mamu-B*08, associated with resistance to SIV infection (Budde et al. 2011; Valentine et al. 2009 ), is currently designated as Mamu-B*008:01. It has been difficult to assign alleles unambiguously to the different B loci because the number of Mamu-B genes differs between haplotypes due to expansion and contraction processes. For that reason, no locus number designation has been introduced as yet for most Mamu-B loci. There are a few exceptions to the rule, however. One oligomorphic locus (B3) appears to be present on each haplotype. This locus was earlier described and named Mamu-I (Urvater et al. 2000b) . Furthermore, sequencing on genomic DNA has yielded alleles of the oligomorphic pseudogenes Mamu-B11, Mamu-B12, Mamu-B16, and Mamu-B17, and these alleles have been given the respective locus numbers in their designations. Finally, the present nomenclature of the macaque B genes uses the old names as lineage designation. If in the future more information becomes available on the gene content of haplotypes, only a locus number designation will need to be introduced.
Finally, phylogenetic analyses of rhesus (Mamu), crabeating (Mafa) and southern pig-tailed (Mane) macaque Mhc Tables 1 and 2 ), in which the rhesus monkey lineage numbers were taken as a leading guide. Thus, Mamu-A1*001:01 and Mafa-A1*001:01 define highly related alleles present in two different macaque species. All these adaptations were published at the IPD-MHC NHP website in November 2010 (release version 1.5.0). The nomenclature tables, accessible at the website, list the previous allele designations in the column "Local Names". Finally, we should strongly emphasise that macaque A and B lineages are neither related to the lineages in the HLA system nor to those in other non-human primates.
Revisions to the nomenclature for the non-classical class I E and G loci
In addition to the classical class I loci, the Mhc class I region is also occupied by loci designated as non-classicals, which are less polymorphic and may show differential tissue distribution and a specialised function. In humans, these are designated HLA-E, HLA-F and HLA-G . In previous years, researchers were more interested in studying nonclassical MHC class I molecules, and a considerable amount of sequence data became available on the -E, and -G loci of different non-human primate species (Aarnink et al. 2011; Boyson et al. 1995 Boyson et al. , 1996 Cadavid et al. 1997 Cadavid et al. , 1999 Castro et al. 1996; Corell et al. 1994; Knapp et al. 1998; Lafont et al. 2003 Lafont et al. , 2004 Lawlor et al. 1990; Sidebottom et al. 2001; Watkins et al. 1990 . In the past, the sequences were designated mostly with two digits and numbered based on the order they were detected. A phylogenetic analysis and sequence/amino acid alignment comparison of the Mhc-E and -G alleles of humans, Great Apes, OWM, and NWM illustrated that the Great Ape sequences are more closely related to the HLA-E and -G alleles, respectively, and that the OWM and NWM E and G alleles were more diverse (Fig. 2) . Therefore, curators of the IPD-MHC NHP database have undertaken to match the nomenclature of the Mhc-E and -G alleles between humans, Great Apes, OWM, and NWM. As can be seen, the Great Ape E and G alleles were given lineage number 01, as in humans. The OWM E and G alleles have been given lineage number 02, and the NWM E alleles given lineage number 03 ( Fig. 2 ; Table 5 ). For the NWM G alleles, more diversification was observed, and the alleles could be grouped into four different lineages, designated 03, 04, 05, and 06 ( Fig. 2b ; Table 5 ).
The IPD-MHC NHP database
The IPD-MHC NHP database (www.ebi.ac.uk/ipd/mhc/ nhp) is a specialised database for the Mhc genes and alleles of non-human primate species, first released online in March 2002 (Robinson et al. 2003 (Robinson et al. , 2010 . The database has grown steadily since then (Fig. 3) . It is part of the IPD that comprises data from sources related to the study of polymorphic genes in the immune system. The IPD-MHC NHP database covers Great Apes, OWM, and NWM, and comprises at present almost 4,000 sequences divided over several loci of 46 different species (Table 6 ). These comprise currently known and annotated (full-length or minimal exons 2 and 3) Mhc class I sequences, and (full-length or minimal exon 2) Mhc class II sequences, submitted/published by various authors. The team of IPD-MHC NHP curators, with their wide experience in the analyses of diverse NHPs, is responsible for assembling, categorising, and providing official designations for new alleles. Sequences submitted currently must meet the above-specified criteria, and possess a Genbank/EMBL/DDBJ accession number. To enhance the validity of the alleles available at the IPD-MHC The table provides the number (no.) of alleles present per species and for which loci data are present on the website (indicated with a "+")
OWM Old World monkey, NWM New World monkey NHP database, we encourage the scientific community to submit not only their unreported sequences but also sequences that are identical to already published alleles that have been identified in their studied cohorts. This latter approach will work as an extra quality control system. A BLAST search tool is accessible at the website for comparing a newly detected sequence with all sequences present in the IPD-MHC NHP database. Additional available features are, for instance, tools for nucleotide or amino acid alignments, a nomenclature tool that shows tables with additional information about a sequence (for example, local name, accession number and reference), downloads of allelic sets, and a web-based submission tool. The IPD-MHC NHP curators strive to have a database release twice a year, which updates the website with all novel NHP sequences that have become public and/or with other possible updates related to the existing alleles.
